Introduction
Graphene is a one-atom thick sheet of carbon atoms, where the carbon atoms are arranged in a 2-D hexagonal lattice [1, 2, 3] . It has extraordinary electronic properties, including a high electron mobility that could lead to superfast transistors, or ultra-thin and/or transparent conductors. CVD on a metal catalyst allows for large-area graphene. The common catalyst for grapheme-CVD is nickel (Ni) [4] and copper (Cu) [5] . In case of Ni having high carbon solubility, multi layer graphene is more likely to be synthesized than single or bi-layer graphene is. On the contrary, in case of Cu having low carbon solubility, single or bi-layer graphene is much more likely to be synthesized. Due to its low carbon solubility, Cu has been prevailingly used for graphene-CVD. Meanwhile, recently bi-layer graphene has attracted a lot of attention since bandgap occurs when electric field is applied in a vertical direction. Therefore, the need to control the layer number of graphene is extremely high. The purpose of this work is to find a route for that. Our approach was to use Cu-Ni alloy catalyst with different alloy composition, keeping in mind that carbon solubility might be controllable by changing the alloy composition.
Fabrication and Measurement
Graphene was synthesized on Cu-Ni alloy foils (Nilaco, Alfa Aesar) in which alloy compositions were 1:0 (Cu), 7:3, 5:5, 3:7, and 0:1 (Ni). Graphene synthesis was accomplished via rapid thermal CVD system with a 2-inch horizontal quartz tube or ICP-CVD system. Alloy foils were loaded into the system, and the chamber was vacuumed and purged at Argon (Ar) ambient (99.999% purity). Graphene growth was performed at 800~950°C with methane gas. After synthesis, PMMA was spin coated onto the graphene/Cu foil, and Cu was removed in FeCl 3 -based etchant (Transcene Co. Type I). Then, the PMMA/graphene film was transferred to SiO 2 /Si substrate, and PMMA was removed in acetone. The synthesized graphene was inspected by Optical microscope, SEM-EDS, XRD, TEM(thickness), and Raman spectroscopy.
Results and Analysis
First, graphene sheet was synthesized on 5:5(Cu-Ni) alloy foil. Fig.1 shows SEM-EDS (JEOL) image of as-grown alloy sample. It shows Cu and Ni are uniformly crystallized with manganese impurity(~2%). Carbon signals are very weak since graphene sheet is only few nanometer-thick. The transferred graphene to SiO 2 /Si substrate is shown in the Fig. 2 . From optical image of the transferred graphene, Raman spectrum (Renishaw RE04, 633nm, 50x) was measured on three noticeable sites (A,B,C). The point A looks darkest among three sites, and Raman spectrum shows the lowest 2D/G ratio (<1), indicating multi layer graphene. The brightest point B has the highest 2D/G peak ratio (>2), indicating single layer graphene. Point C has medium color contrast, and shows 2D/G close to 1, indicating bi-layer graphgene. c e s a n d M a t e r i a l s , N a g o y a , 2 0 1 1 , p p 2 9 2 -2 9 3 P -8 -8
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inspected on as-synthesized foil as shown in Fig.3 . At first, we suspected that the dark spots might be alloy grain boundaries since carbon solubility in grain boundary could be higher than that in the inner grain. SEM image of Fig.3(b) , however, shows that the dark spots pass across the metal grain boundaries. For Cu 0.7 Ni 0.3 foil, we could obtain uniform single and bilayer graphene. This dark region also enlarged when growth temperature increased from 950 o C to 1000 o C. After we failed to grow uniform graphene layers on Cu-Ni foils by thermal CVD, we have been trying ICP-CVD in order to reduce growth temperature. We found that the synthesized graphene on Cu-Ni alloy via ICP-CVD showed much higher uniformity than via thermal CVD. 
Conclusions
We synthesized graphene layers on Cu-Ni alloy metal foils by CVD. We found that very non-uniform graphene layers were grown by thermal CVD. The dark area consisting of thick multi layer graphene induced high non-uniformity. The thick multi layer graphene region enlarged with increasing Ni alloy composition and growth temperature. Much more uniform graphene layers could be obtained via ICP-CVD at low temperature. 
